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58a Sunday, February 3, 2013based on recent studies of ablation of multiple endocrine neoplasia type 1
gene (MEN1, which encodes menin) in mice, identifying a novel means to
enhance beta cell regeneration by repressing menin is being pursued as
a new avenue for T2D treatment. In particular, it has been shown that menin
ablation reverses preexisting glucose intolerance, a hallmark of T2D, suggest-
ing that inhitors of menin would also have this effect. Recent crystal struc-
tures of menin in co-complex with short peptide fragments as well as
small molecule inhibitors have indicated that it has a deep druggable pocket
and is known to form complexes with several proteins via this pocket. These
characteristics make menin an ideal target for computational docking studies
of lead compounds to optimize binding affinity. In this study, we perform
molecular dynamics simulations of the recently solved crystal structure of
menin and pursue an ensemble (or multiple protein conformation) docking
strategy in order to determine a number of different bound conformations
of small molecule inhibitors to this protein. While the insilico docking stud-
ies of the inhibitors are performed using a flexible-ligand, rigid protein ap-
proach, docking to different snapshots of the protein obtained through the
molecular dynamics approach allows for implicit protein flexibility. The dif-
ferent docked poses from the high-dimensional dataset are clustered and the
most probable conformations are used to suggest new higher affinity ligands.
Efforts to procure these ligands and experimentally determine their binding
affinities in order to validate the insilico screen/design are simultaneously be-
ing pursued.
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Although the two domains of Calmodulin (CaM) are topologically similar, they
differ in structural flexibility, stability, and Calcium binding affinity. Our
coarse-grained simulations of the open-closed conformational transitions in
Calcium-free Calmodulin (CaM) suggest kinetic scenarios in which the transi-
tion mechanisms for the two domains are distinct as well. Both domains have
the same qualitative thermodynamic mechanisms: a ‘‘low temperature’’ two-
state mechanism in which the domain remains relatively structured throughout
the transition, and a ‘‘high temperature’’ mechanism involving a partially
folded, unstable intermediate in the transition landscape. Under the same sim-
ulation conditions, the N-terminal domain (nCaM) exhibits two-state behavior,
while the C-terminal domain (cCaM) populates the partially folded intermedi-
ate. The simulated transition rate for cCaM is much smaller due to the transient
unfolding and refolding along the transition route compared to the two-state
transition rate for nCaM. Differences in transition rates for the Calcium-free
open/closed transition could explain measured binding rates of Ca2þ for the dif-
ferent domains. For example, slower conformational kinetics caused by the par-
tially folded intermediate may bias cCaM towards a conformational selection
binding mechanism, while nCaM maintains induced fit binding under some
range of calcium concentration. Here, we explore such binding scenarios
qualitatively.
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An emerging point of view in protein chemistry is that proteins are not the static
objects that are displayed in textbooks but are instead dynamic actors. Protein
dynamics plays a fundamental role in many diseases, and spans a large hierar-
chy of timescales, from picoseconds to milliseconds or even longer. Nanoscale
protein domain motion on length scales comparable to protein dimensions is
key to understanding how signals are relayed through multiple protein-
protein interactions. A canonical example is how the scaffolding proteins
NHERF1 and ezrin work in coordination to assemble crucial membrane com-
plexes. As membrane-cytoskeleton scaffolding proteins, these provide excel-
lent prototypes for understanding how regulatory signals are relayed through
protein-protein interactions between the membrane and the cytoskeleton.
Here, we review recent progress in understanding the structure and dynamics
of the interaction. We describe recent novel applications of neutron spin
echo spectroscopy (NSE) to reveal the dynamic propagation of allosteric sig-
nals by nanoscale protein motion, and present a framework to analyze the
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The rates of protein conformational changes are usually not only limited by ex-
ternal but also internal friction, however, the origin and significance of this lat-
ter phenomenon is poorly understood. It is often found experimentally that
a linear fit to the reciprocal of the reaction rate as a function of the viscosity
of the external medium has a non-zero value at zero viscosity, signifying
the presence of internal friction. To better understand this phenomenon, we
have performed molecular dynamics simulations of a conformation change
of trypsin, where we could separately control the friction of the surface and
the interior of the protein. Here we present the results of our simulations,
and also compare them to the experimental data obtained for the activation
of trypsin.
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Von Willebrand factor (VWF) is a huge multimeric extracellular protein play-
ing a crucial adhesive role in hemostasis. In response to shear stress, VWF
binds to the GP1ba receptor of platelets via its A1 domain, to build a plug
that stops the bleeding of an injured blood vessel. Recent experimental studies
revealed that the binding of GP1ba is altered by the presence of individual A2
subunits, suggesting that A2, adjacent to A1, interacts with A1, thereby shield-
ing the binding site for GP1ba. In addition, electron microscopy studies mea-
sured the distance between the center of masses of A1 and A2, varying from
~4.6 nm, in which the two subunits may be in contact, to ~11 nm, in which
the two subunits are not in contact (Zhou YF et al. EMBO J. (2011) 30:
4098-4111). Apart from these distance estimates, little is known on how A1
and A2 interact with each other and thereby modify GP1ba binding, and
how this inhibition is sensitive to mechanical forces in flowing blood. We ad-
dress these issues by using molecular docking, and equilibrium and force probe
molecular dynamics simulations. Our study predicts a stable structure of the
A1-A2 complex, in which A2 binds to the same site in A1 as GP1ba does,
over a time scale of hundreds of nanoseconds. This inhibition is relieved under
a stretching force, explaining how A2 can inhibit Gp1ba binding to A1 in
a shear-flow dependent manner. Overall, our simulations suggest a new and in-
triguing mechanism on an intermolecular auto-inhibition that allows a shear-
sensitive growth of blood coagulates, which reconciles previous and can be di-
rectly tested by future experiments.
300-Pos Board B69
Prestress in Protein Disulfide Bonds Tunes their Stabilities
Beifei Zhou1,2, Ilona Baldus1, Scott Edwards2,3, Frauke Gra¨ter1,2.
1Heidelberg Institute for Theoretical Studies (HITS), Heidelberg, Germany,
2CAS-MPG Partner Institute and Key Laboratory for Computational Biology
(PICB), Shanghai, China, 3College of Physics and Technology, Shenzhen
University, Shenzhen, China.
Disulfide bonds are ubiquitous covalent links in proteins. By providing a protein
fold with additional structural constraints they can tune protein stability and
function. We find disulfide bonds to exhibit a varying degree of pre-stress
[1]. Using a new Force Distribution Analysis of forces obtained fromMolecular
Dynamics simulations [2], we identified particularly tensed disulfides, with
inter-cysteine forces of 143.34 pN for Cys130-Cys159 in CD4 and 165.47
pN for Cys27-Cys37 in the von Willebrand factor C1 (vWFC1) domain. Re-
markably, the order of magnitude of these internal forces is coinciding with
those required to unfold or activate proteins, and thus likely to play an impor-
tant role in the protein’s integrity. The pre-stressed disulfide bonds link adja-
cent strands in the same antiparallel b-sheet, and have been previously
classified as ‘allosteric disulfide bonds’ due to their unusual and unfavourable
dihedral configuration [3]. We calculate reduction rates of the two disulfide
bonds to increase due to the intrinsic tension by a factor of two to three as com-
pared to the other comparably relaxed disulfide bonds in CD4 and vWFC1. This
trend is preserved in a survey over all disulfide bonds in protein structures cur-
rently deposited in the Protein Data Bank, with disulfide bonds linking two ad-
jacent strands in a b-sheet featuring a significantly larger sulphur-sulphur bond
length on average. The decreased thermodynamic and kinetic stability of
Sunday, February 3, 2013 59apre-stressed disulfide bonds as identified in our proteome-wide survey is likely
to have functional implications, in particular in the light of mechano-chemical
disulfide bond shuffling of von Willebrand factor an other highly disulfide-
linked proteins.
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The mechanical properties of fibrin are essential to stop bleeding but also con-
tribute to obstructive thrombi that cause heart attack and stroke. The deforma-
tion of fibrin polymer occurs at different spatial scales, including molecular
unfolding, which is relatively unexplored. Here, the AFM-induced unfolding
of fibrinogen monomers and oligomers was correlated with force-extension
curves obtained using MD simulations. The unraveling of fibrin(ogen) com-
prised reversible extension-contraction of the a-helical coiled-coils and
unfolding of the g-nodules, which occurred at a ~90-pN force and ~25-nm
peak-to-peak distance. All-atom MD simulations showed a transition from
a-helix to b-sheet at higher extensions, confirmed experimentally by FTIR-
spectroscopy of deformed fibrin clots. The a-to-b conversions correlated di-
rectly with the strain or pressure and were partially reversible at the conditions
applied. The spectra characteristics of the nascent inter-chain b-sheets were
consistent with protein aggregation and fiber bundling. Further MD studies re-
vealed that the coiled-coils undergo ~5-50 nm extension and 360-degree un-
winding with three distinct regimes. In the linear regime, the coiled-coils
unwind but not unfold. In the plastic regime, the triple a-helical segments re-
wind and re-unwind while undergoing a non-cooperative phase transition to
form parallel b-sheets. We conclude that, under extension and/or compression,
a-to-b conversion of the coiled-coils occurs in fibrin as a part of forced protein
unfolding. These regimes of forced deformation of fibrin provide important
qualitative and quantitative characteristics of the molecular mechanisms under-
lying fibrin mechanical properties at the microscopic and macroscopic scales.
Furthermore, these structural characteristics of the dynamic mechanical behav-
ior of fibrin at the nanometer scale determine whether or not clots have the
ability to stanch bleeding and if thrombi become obstructive or embolize.
Finally, this knowledge of the functional significance of different domains of
fibrin(ogen) suggests new approaches for modulation of these properties as
potential therapeutic interventions.
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Protein molecules in their native states, although highly structured, have a de-
gree of flexibility (sometimes called ‘softness’) required for the biological
function. Protein flexibility has been often characterized by the thermal fluctu-
ations of atomic positions on short time scales (% 1 ns) as determined using
simulation and scattering techniques. However, on these time scales, flexibility
is partly conformational, involving barrier-crossing events, and partly ‘‘elas-
tic’’, i.e., involving fluctuations confined in energy wells [1-3]. The experimen-
tal separation of the contributions of these two types of motion to the protein
atomic displacement is a considerable challenge.
The present work addresses this challenge by combining molecular dynamics
simulation (MD) with incoherent neutron scattering and light scattering on a
globular protein. It is shown that the intra-well fluctuations, corresponding to
the elastic flexibility, are essentially determined by the experimental elasticmod-
ulus at GHz-THz frequencies. This finding enables a simple and direct experi-
mental separation of the conformational and elastic fluctuations in the protein.
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Focal adhesion kinase (FAK) is a crucial component of focal adhesion sites,
transducing signals between the cytosol and the extracellular matrix. The trans-
location of FAK to focal adhesion sites and its functional activation by tyrosine
phosphorylation leads to the formation of large multi-molecular focal adhesion
complexes. The three-dimensional structure of FAK consists of a tyrosine
kinase domain and two large non-catalytic regions. The N-terminal FERM
domain is involved in auto-inhibition of the kinase by blocking a phosphoryla-
tion site (Tyr576/577)[1], and also includes a basic patch for anchoring FAK to
membrane-embedded PIP2. The exposure of this phosphorylation site induces
the maximum activity of FAK. We tested if mechanical forces as they are pres-
ent at focal adhesion sites can induce an allosteric switch to an active state of
FAK with an exposed phosphorylation site, using Molecular Dynamics simula-
tions of membrane-bound and unbound FAK.
We indeed find mechanical forces propagated onto FAK when tethered be-
tween the membrane and the cytoskeleton to remove the auto-inhibitory
FERM domain from the kinase domain of FAK. We instead observe an only
partial FAK activation upon anchoring FAK to the membrane in the absence
of mechanical force. The mechano-transduction mechanism of FAK can ex-
plain how FAK acts as a force sensor, translating mechanical forces at the focal
adhesion site into downstream biochemical signal events including the MAPK
pathway.
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The binding of an antibody to a target antigen underpins an array of biological
warfare agent detection schemes and pharmaceutical therapies. However, cur-
rent antibody-based detection and treatments suffer from multiple drawbacks,
including the lack of an antibody that offers a range of affinities for a target an-
tigen. Here, we measure the binding kinetics of a recently discovered class of
antibody derived from jawless vertebrates called Variable Lymphocyte Recep-
tors (VLRs), which can achieve IgG-like binding specificity. We first tether low
densities of mono-, di-, and pentavalent VLRs to an atomic force microscope
cantilever via polyethylene glycol linkers, and then measure the forces required
to rupture their bonds with a substrate tethered anthrax antigen. We find that in
all three cases the interactions are load-rate dependent - probed far from equi-
librium - over the entire range of load rates for which our apparatus is capable.
As expected, binding affinity is enhanced in a noncooperative fashion with in-
creasing VLR valency. Furthermore, for the di- and pentavalent molecules, the
at-surface dwell time is varied, with longer dwell times increasing the probabil-
ity of states in which multiple VLR binding domains of a single VLR protein
are complexed with surface bound BclA. Thus, through single molecule force
spectroscopy, VLRs with greater valency show increased binding stability and
lower dissociation rates, and therefore tunable affinity, while the nature of how
the binding state probabilities vary with time provides insight into the interme-
diate binding state kinetics of this system.
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Generally, proteins are comprised of highly complex structures and fluctuations
of local or global character are believed to play critical roles in protein function.
In the case of E.Coli dihydrofolate reductase (DHFR), previous structural stud-
ies have already revealed some aspects of DHFR’s conformational flexibility.
Among the most prominent displays of flexibility are motions between loops
M20 and FG. We have employed site-directed chemical cross-linking
(SDXL) to modulate loop motions and by extension modulate activity, flexibil-
ity, stability and substrate affinity. Toward this end, we have utilized both com-
putational and experimental approaches. Target residues were identified by
average distance matrices and principle component analysis calculated through
molecular dynamic (MD) simulations at various temperatures. Activity mea-
surements for a mirrored pair of cross-linked residues resulted in reduced
